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Abstract 
Nowadays, with the acceleration of urbanization in China, the deterioration of the living environment 
in cities has become a significant issue due to the agglomeration of population and industry in 
metropolitan areas. As a result, many scholars start to concentrate on the study of urban livability, 
including the concepts, historical development, influencing factors, as well as evaluation methods. This 
paper is aimed to study the relationship between livability and land use factors as well as the spatial 
distribution at neighborhood level in Beijing in a view of urban planning. There are usually three ways 
to appraise living environment, objective, subjective, and a combination of both. This paper applies 
subjective method to get the information of residential satisfaction from a large-scale survey conducted 
in Beijing and applies objective method to utilize land use information. Based on AHP method, the 
neighborhood level’s satisfaction scores are weighted in six main criteria: living convenience, safety, 
nature environment, social environment, travel convenience, and health as well as 34 specialized sub-
criteria and an overall satisfaction level. These livability indexes are then tested with 6 land use factors 
such as residential land use ratio, industry land use ratio, mixed land use ratio, etc., in a multivariate 
regression model to study the land use impacts on Beijing’s livability. In order to further evaluate the 
spatial characteristics of the residential satisfactions, five livability levels of subdistricts are indicated in 
ArcGIS to study the spatial distribution of the neighborhoods and their land use patterns. Although there 
are several limitations existing in the research, this paper still has a high reference and guiding value in 
Beijing’s further livable city construction especially in the perspective of urban planning. 
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Introduction 
In the last decade, China’s rapid urbanization development has brought many urban problems that 
largely restrict the development of livability, such as environmental pollution, traffic congestion, 
infrastructure deficiency, and lack of historical and cultural symbolization, etc. [1]. Chinese government 
has been always paying high attention to these problems and has decided to regard livable city 
construction as a new national development direction. In 2005, livability was firstly proposed to be a 
vital strategy in Beijing’s Master Plan [2] and it was further officially regulated for all the cities in 
China’s 2014 New Urbanization State Plan [3]. From then on, harmonious and livable city development 
has become a significant policy aimed to improve urban life quality, perfect urban functions and increase 
efficiency.  
Beijing, the initiator of livable city renovation in China, plays an important functional role on national 
economy, politics, and culture. As early as 2005, Beijing has conducted a large-scale residential 
satisfaction survey to evaluate citizens’ subjective perception towards six life aspects: safety, natural 
environment, public transportation, public service accessibility, environmental health, and social and 
humanistic environment [4]. Similar surveys were also conducted in year 2009 and 2013. These surveys 
provide a useful approach to analyze the level of livability in Beijing via the residential satisfaction 
scores. Recently many livable Beijing studies have been carried out based on these data. The main 
findings include: (1) Beijing’s residential satisfaction levels increased from 2005 to 2009 but decreased 
largely from 2009 to 2013 mainly due to the poor air quality [5]; (2) residents are more satisfied with 
public facility accessibility, but the satisfaction credits on health is going down, especially the evaluation 
on automobile exhaust and PM 2.5 pollution [6]; (3) the satisfaction on central urban area is higher than 
large-scale residential area in suburb and the northern region of Beijing City is higher than the south [4]; 
(4) young group, high-income group, high-educated group, commercial housing residents and local 
residents are more satisfied with residential environment in Beijing, in opposite, old group, low-income 
group, low-educated group, affordable and unit housing residents are not as much as satisfied [7].  
The previous related studies generally concentrate on the issue in aspects of spatial elements, physical 
environment, characteristics of population, economy, education and culture, however seldom explain 
the satisfaction differences in the perspective of urban planning. Since urban planning performs as a 
guideline and a regulation towards urban development, it is of great importance on livable city 
construction as well.  
This paper is aimed to study the livability of Beijing, connect it with urban land use elements, explain 
the significant factors at neighborhood level, and give suggestions on future livable Beijing development. 
The explanatory variables in this research include industrial & storage land use ratio, residential land 
use ratio, business service land use ratio, public service land use ratio, infrastructure land use ratio, green 
space ratio, and land use mixed degree. The outcome variables include satisfaction scores on three 
dimensions: overall satisfaction, 6 main satisfaction indexes, and 34 satisfaction sub-indexes. The land 
use variables and residential satisfaction variables are further tested in multivariate regression models. 
The statistical significance results and the spatial analysis in ArcGIS will help identify the land use 
impacts on livability and suggest the future livable city construction in Beijing. 
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Data Sources 
In order to better analyze Beijing’s existing conditions and urban problems, the evaluation system 
contains both subjective and objective indexes [8], so as the data to be collected. The studying area is 
determined by the subdistricts information in both subjective and objective data, including two zones in 
Beijing Functional Core: East City Zone and West City Zone; four zones in Beijing Functionally 
Exploring Area: Chaoyang Zone, Fengtai Zone, Shijing Mountain Zone, and Haidian Zone; and three 
subdistricts in Changping Zone and Daxing Zone: East Xiaokou Town, Huilong Guan Town, and 
Yizhuang Town. 
1) Subjective Data Collection 
The main source of the subjective data is from a 2013 Beijing residential satisfaction questionnaire 
survey collected by Institute of Geographic Sciences and Natural Resources Research. The survey was 
conducted randomly in a principal of stratified sampling combined with convenience sampling based 
on population scale of 1:2000. There were 5733 questionnaires released and replied, in which the 
effective ones were 5116 with a high valid rate of 89.24%. The surveyed citizens were mainly permanent 
workers in Beijing, while a few retired and unemployed people were also included. The survey focused 
on four major sections: evaluation of residential environment (including living convenience, safety, 
nature environment, social environment, travel convenience, public health, etc.), commuting situation 
(including commuting time and fares), immigration situation (including house type and price, house 
movement and work change), and personal and household characteristics (including income, age, gender, 
employment, vehicles, etc.). Our research only uses the data from the first section of the survey to 
evaluate livability according to the satisfaction grading answers replied in the survey. 
2) Objective Data Collection 
The objective data contain land use data, census data, housing and real estate attributions, etc. Land use 
data are provided by the Bureau of Land and Resources of Beijing, including industrial & storage land 
use area, residential land use area, business land use area, public service land use area, infrastructure 
land use area, and public park area in 2013. Housing transaction data and real estate attributes were 
obtained from the LIANJIA website using crawler technology (total 4000 real estate properties) from 
July to December 2015, from which we can get the community green space distributions and their area 
values. Census data are from 2016 Beijing statistical yearbook which record the population and other 
258 related census information. The land use data and housing green space data are spatially linked with 
census data in ArcGIS to study land use patterns at subdistrict level. As independent variables, the land 
use ratios are calculated by each type of land use area divided by the subdistrict area. Another 
independent variable is mixed land use degree, which can be computed using the following formula [13]: 
𝐻𝐻1 = −∑ (𝑝𝑝𝑖𝑖) ln(𝑝𝑝𝑖𝑖)6𝑖𝑖−1ln(𝑠𝑠)  
Where 𝐻𝐻1 is the land use diversity index that neighborhood is located; 𝑝𝑝𝑖𝑖 is the proportion of each of 
the six land use types (residential, commercial, industrial, public service, open space, and infrastructure); 
s is the number of land uses, in this case s =6. The higher the value, the higher the land use mix. 
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Research Methodology 
1) Weights Computation 
Analytic Hierarchy Process (AHP), a structured technique for organizing and analyzing complex 
decisions based on mathematics and psychology, is the main method used in this research. It was 
developed by Thomas L. Saaty in the 1970s and has been extensively studied and refined since then [9]. 
The first step in the analytic hierarchy process is to model the problem as a hierarchy. According to the 
survey and land use data, here we structure the evaluation system in three levels: one goal, six criteria, 
and 34 sub-criteria. Then the weights for this three-level hierarchy need to be calculated for the further 
computation of satisfaction scores. The weights for the six criteria can be reasonably identified by a 
question asked in the survey --- “please sort the following factors based on the importance of your 
residential environment quality: living convenience, safety, nature environment, social environment, 
travel convenience, and health.” The answers for this question can be used to determine weights for the 
six criteria based on the frequency percent. 
Table1: Ratios of the Six Factors as the Priority of Livability 
Factors Living 
Conven
ience 
Safet
y 
Nature 
Environmen
t 
Social 
Environmen
t 
Traveling 
convenience 
Residentia
l Health 
Tota
l 
sample 
size 
1300 832 1242 484 762 495 5116 
percent 25.41 16.26 24.28 9.46 14.89 9.68 100 
For simplicity, we assume that all the sub-criteria of each individual criterion are in the same importance 
so that the sub-criterion weights are overall assigned to be the same. The weights of all the variables are 
shown in Table2. Living convenience is the most important factor when considering residential 
satisfaction, hot on the heels of nature environment factor with a weight of 0.24. 
Table2: Weights for Six Criteria and 34 Sub-criteria 
Goal Criterion Criterion 
Weight 
Sub-criterion Sub-
criterion 
Weight 
Beijing 
Residential 
Environment 
Satisfaction 
Evaluation 
 
Living 
Convenience 
0.25 Daily shopping facility 0.12 
Not daily shopping facility 0.11 
Restaurant facility 0.11 
Health care facility 0.11 
Recreation facility 0.11 
Children play space 0.11 
Educational institute (K-12) 0.11 
Bank facility 0.11 
Senior activity facility 0.11 
Safety 0.16 Social security 0.25 
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Transportation safety 0.25 
Disaster management 0.25 
Emergency shelter 0.25 
Nature 
Environment 
0.24 Neighborhood park and green space 0.25 
Community green space and clean level 0.25 
Public square activity space 0.25 
Openness and building density 0.25 
Social 
Environment 
0.10 Neighborhood relationship 0.20 
Community management 0.20 
Architecture landscape and aesthetics 0.20 
Community activity 0.20 
Community value recognition 0.20 
Traveling 
Convenience 
0.15 Business travel (to rail station or airport)  0.20 
Parking convenience 0.20 
Work commuting 0.20 
Non-work based travel 0.20 
Convenient to city center 0.20 
Residential 
Health 
0.10 Vehicle emission 0.15 
Industry air pollution 0.15 
Water pollution 0.14 
Industry and construction noise  0.14 
School and commercial noise 0.14 
Trash pollution 0.14 
PM 2.5 0.14 
2) Satisfaction Score 
In the questionnaire, people are asked to grade every aspect of the livability in five levels: very satisfied, 
satisfied, neutral, unsatisfied, and very unsatisfied. These subjective judgments can be quantitively 
transformed and be used in the satisfaction scores calculation. Based on the satisfaction point standard 
and the weights for each criterion, the satisfaction scores can be easily estimated in the three-level 
hierarchy: 34 sub-criteria, 6 criteria, and an overall satisfaction score. 
(1) Satisfaction Evaluation Score for 34 Sub-criteria 
Table3: The Standard of the Satisfaction Level 
Satisfaction 
level 
Very satisfied Satisfied Neutral Unsatisfied Very 
unsatisfied 
Points 100 80 60 30 0 
The formula of satisfaction scores of sub-criteria is shown below: 
𝑄𝑄𝑄𝑄𝑖𝑖 = (𝐶𝐶𝑖𝑖 × 100 + 𝐷𝐷𝑖𝑖 × 80 + 𝐸𝐸𝑖𝑖 × 60 + 𝐹𝐹𝑖𝑖 × 30 + 𝐺𝐺𝑖𝑖 × 0)/(𝐼𝐼𝑖𝑖 − 𝐻𝐻𝑖𝑖 − 𝐵𝐵𝑖𝑖) 
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𝑄𝑄𝑄𝑄𝑖𝑖: satisfaction score for sub-criterion i, i = 1, 2, …, 34 (respectively represents 34 sub-criteria); 𝐶𝐶𝑖𝑖, 
𝐷𝐷𝑖𝑖, 𝐸𝐸𝑖𝑖, 𝐹𝐹𝑖𝑖, and 𝐺𝐺𝑖𝑖 accordingly represent the sample sizes for the level of “very satisfied”, “satisfied”, 
“neutral”, “unsatisfied”, “very unsatisfied”; 𝐼𝐼𝑖𝑖: total sample size in a neighborhood; 𝐻𝐻𝑖𝑖: samples that 
show “unknown” attitude towards the criterion; 𝐵𝐵𝑖𝑖: samples that contain missing information. 
(2) Satisfaction Evaluation Score for Six Major Criteria [12] 
𝑄𝑄𝑄𝑄𝑗𝑗 = � (𝑊𝑊𝑖𝑖𝑗𝑗 × 𝑄𝑄𝑄𝑄𝑖𝑖𝑗𝑗)𝑛𝑛𝑗𝑗
𝑖𝑖=𝑚𝑚𝑗𝑗
 
𝑄𝑄𝑄𝑄𝑗𝑗 represents the satisfaction score for criterion j, j =1, 2, …, 6 (represents 6 major criteria); 𝑊𝑊𝑖𝑖𝑗𝑗 
represents the weight for sub-criterion i in criterion j; 𝑄𝑄𝑄𝑄𝑖𝑖𝑗𝑗 represents the satisfaction score for sub-
criterion i in criterion j. 
(3) Overall Satisfaction Evaluation Score [12] 
QZ = �(𝑊𝑊𝑗𝑗 × 𝑄𝑄𝑄𝑄𝑗𝑗)6
𝑗𝑗=1
 
QZ represents the overall satisfaction score for livable Beijing; 𝑊𝑊𝑗𝑗 is the weight for criterion j; 𝑄𝑄𝑄𝑄𝑗𝑗 is 
the satisfaction score for criterion j, j =1, 2, …, 6 (represents 6 major criteria). 
 
Result Analysis 
1) Statistical Analysis 
All the survey data and land use data are processed in STATA to get statistical analysis results. The 
statistical attributes of satisfaction factors are listed in Table4. Ranging from 53.67 to 73.78, Beijing’s 
overall satisfaction scores are concentratedly distributed. The average overall livability satisfaction is 
64.5, which is slightly above the neutral level of 60, with around 80% above the standard of neutral but 
beneath the satisfied perception, indicating that currently the overall livability development is still far 
from satisfactory in Beijing. Living Convenience, closely followed by Travel Convenience, has the 
highest averaged value of 67.34 satisfaction score. The rest of the six criteria are all slightly above the 
neutral level of satisfaction except the factor of Environmental Health, which is below the neutral and 
in a wider deviation range. In terms of sub-criteria, Beijing residents are apparently not satisfied with 
air pollution in most of the neighborhoods. For example, PM2.5 and Vehicle Emission have the lowest 
average satisfaction credits although they also vary in big ranges. By contrast, people tend to have more 
satisfaction on daily shopping facilities, living and commuting traveling, as well as interpersonal 
relationship in neighborhoods. 
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Table4: Statistics Attribute for Satisfaction Criteria Scores 
Variable Mean Score Std. Dev. Min Max 
Overall Satisfaction 64.54 4.05 53.67 73.78 
Q1 Living Convenience 67.34 5.41 53.42 80.00 
Q11 Daily shopping facility 74.72 5.43 60.00 85.86 
Q12 Not daily shopping facility 70.15 7.32 45.00 88.00 
Q13 Educational institute (K-12) 66.55 7.29 40.00 82.67 
Q14 Health care facility 66.92 7.51 40.00 83.78 
Q15 Bank facility 71.70 7.45 53.00 90.59 
Q16 Restaurant facility 71.45 6.34 50.00 88.00 
Q17 Recreation facility 63.95 8.21 0.00 80.00 
Q18 Senior activity facility 60.31 10.31 0.00 80.00 
Q19 Children play space 59.64 9.89 0.00 80.00 
Q2 Safety 62.60 6.52 27.50 80.00 
Q21 Social security 69.74 5.98 38.57 90.00 
Q22 Transportation safety 60.02 7.62 30.00 90.00 
Q23 Emergency shelter 58.47 11.40 0.00 80.00 
Q24 Disaster management 62.17 9.55 0.00 80.00 
Q3 Nature Environment 65.72 5.12 50.00 78.00 
Q31 Neighborhood park and green space 69.41 6.55 30.00 84.00 
Q32 Community green space and clean level 66.47 5.74 45.71 80.00 
Q33 Public square activity space 63.51 6.70 30.00 80.00 
Q34 Openness and building density 63.49 6.38 30.00 80.00 
Q4 Social Environment 65.04 4.52 50.00 76.00 
Q41 Neighborhood relationship 71.98 4.87 52.00 80.91 
Q42 Community management 62.48 7.28 30.00 77.14 
Q43 Community activity 61.84 10.11 0.00 80.00 
Q44 Community value recognition 65.00 5.64 46.00 80.00 
Q45 Architecture landscape and aesthetics 63.89 5.82 45.00 80.00 
Q5 Traveling Convenience 67.21 5.40 52.57 83.16 
Q51 Work commuting 72.26 7.77 30.00 100.00 
Q52 Non-work based travel 72.04 6.77 53.64 100.00 
Q53 Business travel (to rail station or airport)  65.68 7.71 30.00 82.28 
Q54 Convenient to city center 68.90 8.22 44.62 100.00 
Q55 Parking convenience 57.19 9.00 3.83 80.00 
Q6 Residential Health 53.30 7.04 26.10 79.80 
Q61 PM2.5 44.48 10.57 0.00 80.00 
Q62 Vehicle emission 43.08 9.00 24.62 80.00 
Q63 Industry air pollution 51.82 11.42 0.00 100.00 
Q64 Water pollution 55.81 10.28 0.00 100.00 
Q65 Industry and construction noise 61.13 9.31 18.00 80.00 
Q66 School and commercial noise 62.00 7.81 30.00 80.00 
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Q67 Trash pollution 56.10 7.63 25.17 71.84 
The statistical attributes of the land use factors are listed in Table5. Overall, the six land use ratios in 
different neighborhoods vary greatly, so as the mixed land use degrees. Business and infrastructure 
ratios are stably the lowest in most areas compared with other land use ratios. Although the average 
value of industry ratio is also lower than others, it may account for over 50% of the land use in some 
industry or logistics area.  
Table5: Attribute Statistics for Land Use Factors 
Land Use Variables Mean Std. Dev. Min Max 
Industry & storage ratio 0.07 0.10 0.00 0.60 
Residence ratio 0.29 0.14 0.01 0.68 
Public administration ratio 0.23 0.16 0.02 0.77 
Business service ratio 0.07 0.04 0.00 0.21 
Municipal infrastructure ratio 0.01 0.02 0.00 0.13 
Green space ratio 0.15 0.14 0.00 0.64 
Mixed degree 0.67 0.14 0.12 0.90 
(1) Collective Effects on Residential Satisfaction 
A F-test of the multivariate regression model is used here to estimate if the land use factors as 
explanatory variables collectively have an effect on residential satisfaction. The statistic result shows 
that there is a collective influence from land use indicators on livability perception except that there are 
some satisfaction criteria they are not significant to. These criteria are shown in table6, from which we 
can see that the land use factors are significant to the two criteria: safety and nature environment at the 
level of 0.1, while they are not significant to all the other nine sub-criteria listed in the table. Instead of 
being affected by land use, the recognitions of these factors are either mainly influenced by other 
variables or only influenced by a single land use type. For example, safety is mainly determined by 
income, community security system, criminal rate, and the relative police facilities in the neighborhoods. 
The satisfactions of parks and community green space tend to be depend on the single level of green 
space ratio rather than a collective impact of all the land use factors. The aesthetics in architecture 
landscape and the community value recognition are not quite relevant to land use factors. Parking 
convenience is more determined by the parking service provided by the community and the business 
facilities nearby. Since the parking service is not reflected in our land use factors, it makes sense that 
they are not significant to this variable. The satisfaction on storm water and waste water emission mainly 
rely on the quality of infrastructure facilities in the neighborhood rather than the number of the facilities 
so that the land use ratios cannot reflect the correlation as well. 
Table6: The Result of Insignificance in F-test 
Variable RMSE R-sq F P value 
Q2 Safety 6.37 0.10 1.89 0.08 
Q21 Social security 6.00 0.05 0.84 0.55 
Q22 Transportation safety 7.69 0.04 0.67 0.69 
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Q3 Nature Environment 5.01 0.09 1.86 0.08 
Q31 Neighborhood park and green space 6.47 0.08 1.51 0.17 
Q32 Community green space and clean level 5.78 0.04 0.74 0.64 
Q44 Community value recognition 5.70 0.03 0.61 0.75 
Q45 Architecture landscape and aesthetics 5.87 0.04 0.68 0.69 
Q55 Parking convenience 8.90 0.08 1.44 0.19 
Q64 Water pollution 10.30 0.05 0.95 0.47 
Q66 School and commercial noise 7.91 0.03 0.55 0.80 
(2) Effects of Individual Land Use Factor on Residential Satisfaction 
A T-test of the multivariate regression model is used here to estimate which land use factors have 
significant effects on residential satisfaction. Table7 shows the land use factors that are significant to 
livability satisfaction. 
(a) Residential and public service land use are the most crucial factors in livability 
The multivariate regression result shows that residential land use ratio and public service land use ratio 
are not only positively significant to the overall satisfaction perception, but also to many criteria and 
sub-criteria as well. For instance, the areas with denser communities and more public facilities have 
great positive impacts on living convenience evaluation. Especially it is easier for these areas to satisfy 
people because of more accessibility to recreation facility, senior activity space, children’s play space, 
and bank facility. Besides, the subdistricts having more land use of public service also indicate more 
educational facilities and health care facilities so that the according satisfaction rates are higher 
compared with other subdistricts.  
As the only two significant factors in social environment and safety criteria, high residential and public 
service land use can largely help build social environment amenity and neighborhood safety awareness. 
The satisfaction level on neighborhood relationship and community activity can increase if we provide 
more residential and public service. In terms of safety sub-criteria, densely clustered population can 
promote disaster management and the public service land use indicates more access to emergency 
shelters. 
High ratios of residential, public service, and infrastructure also have significantly positive effects on 
travel convenience, particularly benefit on commuting trips, daily living trips, business trips, as well as 
the traveling convenience to city center. 
(b) More green spaces bring in higher satisfaction of natural environment 
The green space ratio is the only land use factor that can significantly contribute to natural environment 
satisfaction as well as its three sub-criteria: nearby park green space, public square activity space, and 
space openness. It is likely that the insignificance on community green space satisfaction results from 
the insufficient community-level green land provided by the developers, the inappropriate design, or the 
low use rates. Future improvements can be accomplished by providing high quality green space in 
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communities and creating more public green space in service area to raise natural environment 
satisfaction score. 
(c) Residential and industrial neighborhoods tend to produce more environmental pollution 
The statistic estimation indicates that the area with high residential ratio are more likely to cause air 
pollution such as PM 2.5 and vehicle waste air emission, as well as the residential trash pollution. The 
gathering of workshops and logistics storages can lead to more industrial dust air pollution, noise 
pollution, and industrial garbage compared with other land uses. 
Table7: The Result of Significance in T-test 
 Coef. Std. Err. t P>t 
Overall Satisfaction 
Residence ratio 7.76*** 2.92 2.66 0.01 
Public administration ratio 6.73** 2.80 2.41 0.02 
Q1 Living Convenience 
Residence ratio 11.68*** 3.64 3.21 0.00 
Public administration ratio 9.80*** 3.49 2.81 0.01 
Q11 Daily shopping facility 
Industry & storage ratio -13.64** 6.59 -2.07 0.04 
Municipal infrastructure ratio 74.98** 33.43 2.24 0.03 
Q13 Educational institute (K-12) 
Public administration ratio 10.28** 5.13 2.01 0.05 
Q14 Health care facility 
Public administration ratio 12.47** 5.25 2.37 0.02 
Q15 Bank facility 
Residence ratio 12.50*** 5.03 2.48 0.01 
Public administration ratio 12.35*** 4.82 2.56 0.01 
Business service ratio 35.25** 17.28 2.04 0.04 
Municipal infrastructure ratio 106.07*** 42.46 2.50 0.01 
Q16 Restaurant facility 
Municipal infrastructure ratio 83.41** 39.07 2.14 0.04 
Q17 Recreation facility 
Residence ratio 16.22*** 5.61 2.89 0.01 
Public administration ratio 13.20** 5.37 2.46 0.02 
Mixed degree 22.01*** 7.70 2.86 0.01 
Q18 Senior activity facility 
Residence ratio 22.91*** 7.42 3.09 0.00 
Q19 Children play space     
Residence ratio 20.98*** 7.04 2.98 0.00 
Q2 Safety 
Residence ratio 9.95** 4.84 2.06 0.04 
Public administration ratio 10.26** 4.63 2.22 0.03 
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Q23 Emergency shelter 
Residence ratio 22.61*** 8.14 2.78 0.01 
Mixed degree 23.36** 11.18 2.09 0.04 
Q24 Disaster management 
Residence ratio 16.80** 7.02 2.39 0.02 
Public administration ratio 15.30** 6.72 2.28 0.02 
Q3 Nature Environment 
Green space ratio 8.71** 4.27 2.04 0.04 
Q31 Neighborhood park and green space 
Green space ratio 12.38** 5.52 2.24 0.03 
Q33 Public square activity space 
Green space ratio 11.21** 5.56 2.02 0.05 
Q34 Openness and building density     
Business service ratio -40.95*** 15.76 -2.60 0.01 
Q4 Social Environment 
Residence ratio 11.75*** 3.25 3.61 0.00 
Public administration ratio 6.72** 3.11 2.16 0.03 
Q41 Neighborhood relationship 
Industry & storage ratio 12.12** 5.84 2.07 0.04 
Residence ratio 11.42*** 3.51 3.25 0.00 
Public administration ratio 9.61*** 3.36 2.86 0.01 
Business service ratio 23.95** 12.06 1.99 0.05 
Q43 Community activity 
Residence ratio 21.65*** 7.42 2.92 0.00 
Q5 Traveling Convenience 
Residence ratio 19.38*** 3.50 5.54 0.00 
Public administration ratio 11.97*** 3.35 3.57 0.00 
Municipal infrastructure ratio 68.24** 29.54 2.31 0.02 
Q51 Work commuting 
Residence ratio 24.02*** 5.24 4.58 0.00 
Public administration ratio 12.89*** 5.01 2.57 0.01 
Municipal infrastructure ratio 100.18** 44.21 2.27 0.03 
Green space ratio -12.18** 5.89 -2.07 0.04 
Q52 Non-work based travel 
Residence ratio 22.74*** 4.65 4.89 0.00 
Public administration ratio 10.46 4.45 2.35 0.02 
Q53 Business travel (to rail station or airport)  
Residence ratio 23.04*** 5.20 4.43 0.00 
Public administration ratio 14.77*** 4.98 2.97 0.00 
Q54 Convenient to city center 
Industry & storage ratio 17.07** 7.91 2.16 0.03 
Residence ratio 40.76*** 4.75 8.57 0.00 
Public administration ratio 23.52*** 4.55 5.17 0.00 
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Business service ratio 43.74*** 16.32 2.68 0.01 
Municipal infrastructure ratio 99.03** 40.11 2.47 0.02 
Q55 Parking convenience 
Residence ratio -13.65** 6.76 -2.02 0.05 
Q61 PM 2.5     
Residence ratio -18.46** 7.46 -2.47 0.02 
Q62 Vehicle emission 
Residence ratio -18.16*** 6.12 -2.97 0.00 
Public administration ratio -12.89** 5.85 -2.20 0.03 
Q63 Industry air pollution 
Industry & storage ratio 32.16** 13.94 2.31 0.02 
Mixed degree -23.11** 11.50 -2.01 0.05 
Q65 Industry and construction noise 
Industry & storage ratio 27.60** 11.36 2.43 0.02 
Public administration ratio 17.79*** 6.53 2.72 0.01 
Municipal infrastructure ratio 143.90*** 57.61 2.50 0.01 
Q67 Trash pollution 
Industry & storage ratio 27.47*** 9.26 2.97 0.00 
Residence ratio 18.16*** 5.57 3.26 0.00 
Note: ** and *** denote significance levels of 5% and 1%, respectively. 
2) Spatial Analysis 
According to the overall satisfaction scores presented in different subdistricts, there are five livability 
levels (A-E) that can be subjectively assigned to them: good, relatively good, moderate, relatively bad, 
and bad. The detailed criteria are specified in Table8. Map1 shows the distribution of livability levels 
and reflects the spatial disequilibrium situation. The subdistricts closer to the boundary of the city 
functional core tend to have higher satisfaction scores, especially in Chaoyang, Fengtai, and East City 
zones. Among newly developed districts out of the city functional core, the south side of the studying 
area presents a higher satisfaction than the north side in general, while the west side has a better feedback 
than the east side. 
Table8: Subdistrict Livability Criteria 
Livability Level Relative Livability 
Degree 
Overall Satisfaction 
Score 
Amount 
A Good >70 18 
B Relatively good 65-70 46 
C Moderate 60-65 53 
D Relatively bad 55-60 12 
E Bad <55 3 
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Map1: The Spatial Distribution of Livability Evaluation in Beijing Subdistrict Level 
 
(1) A-level Subdistricts 
Instead of sheet shape, the A-level Subdistricts with good satisfaction degree are distributed separately 
and scatteredly in the north and south direction of Beijing city. These subdistricts are either located in 
places where the environment is relatively good or there are more newly developed residential 
communities compared with other subdistricts. However, it is worth noticing that the standard of A level 
is not demanding to meet, considering the highest score of the subdistrict is only 73.78, which has not 
even reached the satisfied level of 80. Therefore, currently the development of Beijing Livability is still 
in the beginning status --- rarely subdistricts are recognized by the citizens as enjoyable place to live. 
The future strategies need to help extend the points distribution of the subdistricts in high satisfaction 
level to chucks distribution, such as improving residential environment as well as providing more public 
service to raise neighborhood quality. 
(2) B-level Subdistricts 
B-level subdistricts are mainly concentrated near the city core or places with good natural environment. 
Moreover, they tend to abut the A level subdistricts and apparently present a spatial grade of decrement. 
For instance, Zuo Jiazhuang subdistrict is a B-level subdistrict located in Chaoyang Zone, clustered with 
several other B-level subdistricts in a chunk shape. In the center, there is an A-level subdistrict 
surrounded by these B-level subdistricts named Dong Zhimen, while C-level subdistricts are distributed 
in the outer part of the B-level subdistricts. 
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(3) C-level Subdistricts 
C-level represents a moderate satisfaction perceived by the citizens who regard the living environment 
as an average level. Shaped in sheet, C-level subdistricts are distributed evenly with the largest number. 
These subdistricts generally have relatively good infrastructures, newly improved environment, and 
convenient living facilities. However, the score for this level is not high due to the over-expectation 
from the residents. 
(4) D-level Subdistricts 
D-level Subdistricts are generally scattered in the urban-rural fringe area far from the city center. Future 
work need to focus on improving residential environment, traffic condition, and other infrastructure 
development. 
(5) E-level Subdistricts 
There are three E-level subdistricts in the studying area: Capital Airport Subdistrict, Xiao Hongmen 
Area, and Dazhalan subdistrict. Capital Airport Subdistrict is far from the city center with long 
commuting time to the city and less local recreation and business service. Located in downtown area, 
Dazhalan has attracted a lot of workers and immigrants during last decade due to its relatively cheap 
rent and good site location. This hutong subdistrict became Beijing’s slum because of clustered low-
income population as well as the dilapidated and overcrowded living condition. Nowadays as the 
renewal projects launched, the special hutongs have made this area a tourist attraction. Although the 
overall living quality is improving, the retrofit may help little on the residents’ income level and their 
vehicle use. Besides, the prosperity of the business streets may also accelerate the congestion situation. 
The other reasons that may result in bad satisfaction perception in these three areas include 
environmental pollution, lack of open space, and psychological gap when comparing with neighboring 
newly developed districts. 
 
Limitations 
(1) Inaccuracy in Sub-Criteria Weights Calculation 
Delphi method is a structured communication technique or method, originally developed as a systematic, 
interactive forecasting method which relies on a panel of experts [10]. The experts answer questionnaires 
in two or more rounds. After each round, a facilitator or change agent provides an anonymized summary 
of the experts' forecasts from the previous round as well as the reasons they provided for their judgments. 
It is believed that during this process the group will converge towards the "correct" answer. Finally, the 
process is stopped after a predefined stop criterion (e.g. number of rounds, achievement of consensus, 
stability of results) and the mean or median scores of the final rounds determine the results [11]. In this 
research, we average the weights of sub-criteria for simplicity. In fact, Delphi method is widely used in 
similar experiments to score and estimate the importance of sub-criterion respectively. Future study can 
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be improved by organizing experts meeting to grade the importance in a more scientific and professional 
view.  
(2) Discrepancy in Citizens’ Subjective Judgment  
The satisfaction scores used in our study are not able to completely represent the livability in reality due 
to the over dependence on the subjective perceptions of the residents. The judgments made by 
individuals may vary with many aspects, including their different grading standards and expectations, 
preference in certain residential elements, psychological gap in horizontal and vertical comparison, etc. 
Future improvements in Beijing Livable City construction need to take these factors into consideration. 
The livability development should not only go top to down by making professional standards in a view 
of experts and city managers, but also should meet the demand of the ordinary people to solve 
unsatisfying issues in a way of more pertinent to the target. 
(3) Data Deficiency and Mismatch 
The current research scope is mainly restricted to Beijing Central City District including 132 subdistricts 
of six zones (two City Functional Core Districts and four City Functionally Exploring Districts). The 
data from the survey did not cover most of the areas in Beijing New District, such as Daxing Zone, 
Shunyi Zone, and Fangshan Zone, and did not cover all the subdistricts in Beijing Ecological 
Conservation District as well. Moreover, the land use and survey datasets mismatch with each other in 
the neighborhood division because of time discrepancy. The land use data was collected in 2015 while 
the livability survey was conducted in 2013. Although the two datasets have been processed to match 
each other for statistical analysis, the assumptions and compromises made in the process may raise the 
uncertainty in the estimation. Since the economy and population is rapidly growing, the outer area of 
the city center will take more functions and responsibilities in the following years. Future survey scope 
needs to cover more regions in Beijing to have a comprehensive understanding towards Beijing 
Livability development. The land use data should also be updated to line with the survey data in the 
same year. 
 
Conclusions 
Currently, the citizens generally hold a neutral perception towards Beijing’s livability with none of the 
subdistricts have reached satisfaction level. The research finds that there is a collective effect of land 
use factors on residential satisfaction. Compared with other indicators, residential and public service 
land use ratios are the most crucial factors in livability level, especially in living and traveling 
convenience. The green space ratio contributes most to the nature environmental satisfaction level and 
the air pollution issue is urgent to solve since it can incur significantly inferior living experience. 
In a view of spatial distribution, the relatively satisfactory areas tend to be distributed near inner city 
boundary and usually have good environment or newly developed communities. The neighborhoods 
located along Beijing central axis are less satisfactory than other places in city core. Places where there 
are denser residential Hutongs overall have lower satisfaction scores due to the poor building facilities 
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and living environment in these areas. In zone level, it is apparent that Chaoyang Zone has much higher 
satisfaction than other zones. The livability in the southwest and northeast of Beijing is regarded better 
than the southeast and northwest side in general. 
The research result can be preciser if (1) the land use data and the livability survey can better match 
each other in collection year, subdistrict coverage, etc.; (2) a more accurate Delphi method can be used 
in sub-criteria grading; (3) the questions in the livability survey can be improved to guide the responders 
having relatively unbiased scores; (4) more land use types can be used in the analysis such as 
transportation land use factor. Future Beijing Livable City development needs to concentrate on 
providing residential housing and public facilities with high qualities as well as retrofitting the current 
ones. Moreover, it is imperative to deal with pollution problem and provide effectively green space. 
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